Rapid and accurate detection of norovirus is essential for the prevention and control of norovirus outbreaks. This study compared the effectiveness of a new immunochromatographic assay kit (SD BIOLINE Norovirus; Standard Diagnostics, Korea) and real-time reverse transcription-PCR (RT-PCR) for detecting norovirus in fecal specimens. Compared with real-time RT-PCR, the new assay had sensitivity, specificity, positive predictive value, and negative predictive value of 76.5% (52/68), 99.7% (342/343), 98.1% (52/53), and 95.5% (342/358), respectively. The sensitivity of the assay was 81.8% (18/22) for GII.3 and 75.7% (28/37) for GII.4. None of the 38 enteric virus-positive specimens (3 for astrovirus, 5 for enteric adenovirus, and 30 for rotavirus) tested positive in the cross-reactivity test performed by using this assay. The new immunochromatographic assay may be a useful screening tool for the rapid detection of norovirus in sporadic and outbreak cases; however, negative results may require confirmatory assays of greater sensitivity.
Noroviruses, which belong to the family Caliciviridae, are small non-enveloped RNA viruses that possess a linear, positive-sense, and single-stranded RNA genome. Noroviruses are genetically classified into 5 groups (GI V); GI, GII, and GIV cause human infections [1, 2] . Noroviruses are the most common cause of epidemic gastroenteritis, accounting for more than 23 million cases of gastroenteritis annually in the United States and about 50% of all cases of outbreaks worldwide, and they are a significant cause of sporadic cases of community-related gastroenteritis [3] [4] [5] . Norovirus spreads easily because of several characteristics such as a low infectious dose (as few as 10-100 particles), large quantities of the virus in feces and vomit, and environmental stability [3, 4] . Thus, the rapid and accurate detection of norovirus is essential for the prevention and control of norovirus outbreaks.
Methods used for the detection of norovirus in clinical speci- To determine the presence of PCR inhibitors, a mixture containing 5 μL of clarified fecal extract of the test specimen, 5 μL of clarified fecal extract of a known norovirus-positive specimen, and 130 μL of nuclease-free water was prepared, and the norovirus real-time RT-PCR was then carried out as described above. A negative real-time RT-PCR result was considered as evidence of the presence of PCR inhibitors.
In an effort to identify norovirus genotypes, we performed direct sequencing of all samples that tested positive for norovirus by the real-time RT-PCR assay. For sequencing, semi-nested RT-PCR was conducted as described previously [6] . The products were purified using a QIAquick PCR Purification Kit (Qiagen, Valencia, CA, USA). The nucleotide sequences were determined using a BigDye Terminator Cycle Sequencing Kit (Applied Biosystems Foster City, CA, USA) with GI-R1M and GII-R1M primers in the 3730 XL DNA Analyzer (Applied Biosystems). A BLAST search of GenBank sequences was conducted to determine norovirus genotypes.
Of the 411 fecal specimens, 68 tested positive by the real-time RT-PCR assay and 53 tested positive by the new assay. Among the PCR-negative specimens, none showed inhibition of PCR. Compared with real-time PCR, the new assay had sensitivity, specificity, positive predictive value, and negative predictive value of 76.5% (52/68), 99 To evaluate the cross-reactivity of the new assay, we tested 343 norovirus PCR-negative specimens by using real-time RT-PCR for other enteric viruses (astrovirus, enteric adenovirus, and rotavirus). None of the other 38 enteric virus-positive specimens (3 for astrovirus, 5 for enteric adenovirus, and 30 for rotavirus) tested positive by the new assay. For evaluation of the detection limits of the new assay, we prepared 5-fold serial dilutions of 6 fecal specimens (3 GII.3 and 3 GII.4 isolates), and each dilution was tested by using the new assay and real-time RT-PCR. Standard www.annlabmed.org curves were generated using reference norovirus RNA transcripts (Bioneer). The number of RNA copies in a sample was determined on the basis of the CT value, and the corresponding numbers of genomic copies were extrapolated from the appropriate standard curve. The average lowest number of copies of GII.3 and GII.4 that could be detected by the new assay were 1.7 × 10 7 and 9.5 × 10 7 RNA copies/g feces, respectively.
Human noroviruses were first discovered by using electron microscopy. However, the usefulness of electron microscopy in clinical settings is limited because of the low sensitivity and timeconsuming nature of the technique, as well as the requirement for expensive equipment. Since the molecular cloning of the Norwalk virus genome in 1990 and the introduction of PCR as a diagnostic tool, molecular assays such as RT-PCR and real-time RT-PCR have been developed for the detection of norovirus [1] . Commercially available viral-antigen detection assays, which have been developed on the basis of the principle of EIA and immunochromatography, are easily available and can be used for rapid detection. EIA assays for detecting norovirus are highly specific, but vary in sensitivity from 32% to 90% [7, 8] . When a real-time RT-PCR assay was used as the gold standard test for comparison, the sensitivity of the immunochromatographic assays ranged from 57% to 82%, and the specificity ranged from 98% to 100% [9] [10] [11] . However, when a conventional RT-PCR assay was used as the standard test for comparison, the sensitivity of the immunochromatographic assays ranged from 70% to 79%, and the specificity ranged from 94% to 100% [8, 12, 13] . Although some antigen detection tests have inadequate sensitivity for detecting sporadic cases, assays with high specificity may be useful to rapidly detect norovirus during outbreaks.
The sensitivity of the new assay was comparable to that of the other immunochromatographic assays. Moreover, the results of the assay showed very high specificity for the detection of norovirus and no cross-reactivity for other enteric viruses. The sensitivity of EIA and immunochromatographic assays is often genotype-dependent [4, 7] . The new assay displayed good sensitivity for a wide range of GII genotypes, except for GII.2 and GII.16; however, the number of samples containing some norovirus genotypes was too small to indicate statistical significance. Since the ability of the new assay to detect GI genotypes was not evaluated in this study, further studies are needed to evaluate the ability of this assay to detect GI genotypes.
In conclusion, the new immunochromatographic assay may be a useful screening tool for the rapid detection of norovirus in sporadic and outbreak cases; however, a negative result may require confirmatory assays of greater sensitivity.
